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ABSTRACT
Parenting interventions have proven to be effective in enhancing positive parenting behavior
and child outcomes. However, the neurocognitive mechanisms explaining the efficacy remain
largely unknown. We tested effects of the Video-feedback Intervention to promote Positive
Parenting and Sensitive Discipline (VIPP-SD) on mothers’ neural processing of child faces. Our
primary focus was on the N170 and the secondary focus on the LPP. We expected the interven-
tion to enhance the amplitudes of both ERP components in response to emotional compared to
neutral faces. A total of 66 mothers visited the lab for two identical sessions separated by 4.28
months (SD = 0.86) during which a random 33% of the mothers received the VIPP-SD. During
both pre- and post-intervention sessions, mothers’ electroencephalographic (EEG) activity in
response to photographs of children’s neutral, happy and angry facial expressions were acquired.
In contrast to our expectations, we found smaller (less negative) N170 amplitudes at post-test in
the intervention group. There was no intervention effect on the LPP, although overall LPP
amplitudes were more positive for neutral and angry compared to happy faces. Our study
shows that the N170 is affected by the VIPP-SD, suggesting that the intervention promotes
efficient, less effortful face processing.
Trial registration: Dutch Trial Register: NTR5312; Date registered: 3 January 2017.
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Positive parenting behavior, resulting in positive par-
ent-child interaction, is widely recognized as an impor-
tant contributor to child development, whereas
negative parenting experiences may be detrimental.
Clinical and non-clinical studies investigating parent
characteristics and child behavior led to the develop-
ment of several effective parenting interventions, for
example, the Attachment and Biobehavioral Catch-up
(ABC) intervention, Triple P, Incredible Years, and the
Video-feedback Intervention to promote Positive
Parenting (VIPP). The latter has received several addi-
tions tailored for various populations (e.g. clinical
groups) and settings (e.g. childcare), including an addi-
tion, focused on Sensitive Discipline (VIPP-SD) for par-
ents with young children. According to a meta-analysis
of 12 randomized-controlled trials in various popula-
tions, the VIPP-SD is effective in enhancing parental
sensitivity and sensitive discipline (combined effect
size of d = 0.47) and has smaller but long-lasting effects
on child outcomes (Juffer, Bakermans-Kranenburg, &
Van IJzendoorn, 2016). Although it is assumed that
intervention effects result from changes in (neuro)cog-
nitive processes, studies investigating mediation of
changes in parenting behavior in non-clinical samples
are surprisingly scarce. Here we present an experimen-
tal study with randomized assignment of families to
a parenting intervention or control condition, and neu-
rocognitive processing of emotional child faces as
outcome.
The primary focus of our study is on the N170, an
event related potential (ERP) component reflecting the
neural processing of faces, as one of the potentially
important neurocognitive mechanisms that might
explain the efficacy of VIPP-SD on parenting. In
a pioneering study by Bernard, Simons, and Dozier
(2015) effects of an attachment-based intervention on
the N170 were found in a high-risk sample of Child
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Protective Services (CPS) referred mothers. Bernard and
colleagues reported that, similar to low-risk control
mothers, the CPS-referred mothers who received the
ABC-intervention showed stronger (i.e. more negative)
N170 amplitudes in response to emotional versus neu-
tral child faces, whereas CPS-referred mothers who did
not receive the ABC-intervention did not differentiate
between emotional and neutral faces. It was concluded
that the intervention resulted in enhanced N170 ampli-
tudes for emotional over neutral faces reflecting the
capacity to distinguish, on a neural level, between emo-
tional child signals (that may require prompt parental
responses) and neutral child signals. Unfortunately, pre-
intervention N170 data were not available, which limits
any conclusions about causal changes and directions of
effects. Nevertheless, the study provides a valuable
hypothesis to examine the N170 as a potential neuro-
cognitive factor affected by parenting interventions.
Attachment-based interventions and processing
faces
Similar to the ABC-intervention developed by Mary
Dozier and the Infant Caregiver Lab (2006), the VIPP-
SD aims at enhancing parental sensitive interactions
with their children and at the same time stimulating
consistent but gentle parental limit setting (Juffer,
Bakermans-Kranenburg, & Van IJzendoorn, 2008, 2017).
Ainsworth, Bell, and Stayton (1974) defined parental
sensitivity as the ability to accurately perceive and
interpret child signals and respond in a prompt and
adequate way. In other words, basic perception and
processing of children’s emotional signals guide and
modulate sensitive parenting responses. Parental sensi-
tivity is an important predictor of attachment security
(Bakermans-Kranenburg, Van IJzendoorn, & Juffer, 2003;
De Wolff & van IJzendoorn, 1997) that is in turn related
to a variety of positive child outcomes (Fagot, 1997;
Sroufe, 2005). The VIPP-SD is rooted in attachment
theory (Bowlby, 1982, 1988), as well as in Patterson’s
(1982) social learning theory, in particular, coercion
theory aimed to prevent or break coercive parent-
child cycles. To promote sensitive parenting the VIPP-
SD covers four themes: Exploration versus attachment
behavior, Speaking for the Child, Sensitivity Chain and
Sharing Emotions. For enhancing sensitive discipline,
the four themes Inductive discipline and distraction,
Positive Reinforcement, Sensitive Time-out and Empathy
for the child are addressed. In accordance with the
definition of parental sensitivity, the themes focus on
parents’ ability to perceive, evaluate and respond to the
(emotional) signals of their children. As faces display
emotionally relevant information (Zebrowitz, 2006),
facial expressions constitute an important channel for
communicating emotions, intentions, and needs.
Women, and mothers, in particular show preferential
attention for infant faces (especially when they display
distress), compared to faces of children, adolescents,
and adults (Thompson-Booth et al., 2014a, 2014b).
Interestingly, faces of young children demand preferen-
tial attention compared to adolescents and adult faces
but only when they display distress (Thompson-Booth
et al., 2014a), suggesting that emotional signals com-
municated via faces may be of particular relevance in
young childhood. Taken together, facial expressions
play a prominent role in communication, therefore the
VIPP-SD program may affect the neural processing of
emotional faces as reflected in the N170.
ERP and parenting
Given their excellent temporal resolution, ERPs can pro-
vide insight into early automatic as well as later, more
controlled processes contributing to the perception and
evaluation of child signals (see Maupin, Hayes, Mayes, &
Rutherford, 2015 for a review). The N170 is a negative-
going potential peaking approximately 170 ms after
stimulus onset, and it is thought to reflect early stages
of processing and encoding face configuration (Bentin,
Allison, Puce, Perez, & McCarthy, 1996; Botzel, Schulze,
& Stodieck, 1994; Yovel, 2016). The N170 is distributed
over the occipitotemporal areas and is usually largest
over the right hemisphere. The N170 is modulated by
facial expressions, with stronger (i.e. more negative)
N170 amplitudes for emotional compared to neutral
faces (see Hinojosa, Mercado, & Carretié, 2015 for
a meta-analysis). However, findings regarding effects
of emotional valence on the N170 are inconsistent
(Eimer & Holmes, 2002; Malak, Crowley, Mayes, &
Rutherford, 2015; Noll, Mayes, & Rutherford, 2012;
Rutherford, Maupin, Landi, Potenza, & Mayes, 2017).
With respect to parents’ N170 responses to affective
infant faces, Rodrigo et al. (2011) reported that neglect-
ful mothers did not show neural differentiation
between pictures of neutral, happy and crying infants
whereas control mothers did, with crying eliciting the
strongest N170 amplitudes. Similar findings were
reported in the study by Bernard et al. (2015) in which
CPS-referred mothers who did not receive the ABC-
intervention showed similar N170 amplitudes to emo-
tional and neutral faces, whereas CPS-referred mothers
who received the ABC-intervention and low-risk control
mothers showed stronger N170 amplitudes for emo-
tional compared to neutral faces. Moreover, they
found that stronger N170 amplitudes for emotional
compared to neutral faces were associated with higher
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parental sensitivity scores, suggesting that differen-
tiated neural processing of important child signals
plays a role in sensitive parenting behavior and may
be affected by a parenting intervention.
Besides relatively early, automatic processing of
emotional faces, later, more controlled processes of
allocating attentional resources and evaluating emo-
tional signals may also be relevant. Such processes
may be indexed by the Late Positive Potential (LPP).
The LPP is a positive going modulation of ERP ampli-
tude starting at about 400 ms after stimulus onset and
lasting several hundreds of milliseconds, that is best
measured at the centro-parietal electrode sites
(Hajcak, Dunning, & Foti, 2009; Hajcak, Macnamara, &
Olvet, 2010). The LPP is thought to reflect the allocation
of attentional resources for the evaluation of the emo-
tional content of stimuli. LPP amplitudes are larger (i.e.
more positive) for pleasant, emotionally positive and
unpleasant, emotionally negative, compared to neutral
stimuli (Cuthbert, Schupp, Bradley, Birbaumer, & Lang,
2000; Hajcak et al., 2009; Pastor et al., 2008). Compared
to less arousing pictures, LPP amplitudes are found to
be larger for highly arousing affective pictures (Schupp
et al., 2000) and LPP amplitude is positively related to
subjective judgments of emotional stimuli (Cuthbert
et al., 2000; Yen, Chen, & Liu, 2010).
With respect to parents’ LPP amplitudes in response
to children’s emotional displays, LPP amplitudes were
found to be stronger in response to crying compared to
neutral infant pictures across a group of low-risk control
mothers and neglectful mothers (Rodrigo et al., 2011).
However, neglectful mothers showed an overall
attenuation of LPP amplitude in response to all three
emotion categories, suggesting that neglectful mothers
allocate less attentional resources to infant emotions
than control mothers do. Similarly, CPS-referred
mothers who received the ABC-intervention showed
stronger LPP amplitudes in response to emotional (i.e.
both crying and laughing) versus neutral faces, compar-
able to low-risk control mothers, although these
mothers showed the strongest LPP amplitudes in
response to crying faces (Bernard et al., 2015). In con-
trast, CPS-referred mothers who did not receive the
ABC-intervention did not show differentiated LPP
responses to emotional and neutral faces, suggesting
that mothers who neglect their children differ in (atten-
tional) resource allocation to emotional child cues.
Furthermore, in a sample of (foster) mothers, LPP ampli-
tudes were found to be larger in response to pictures of
their own children, whether or not biologically related,
compared to familiar children, unfamiliar children,
familiar and unfamiliar adults (Grasso, Moser, Dozier, &
Simons, 2009), suggesting that parenting experiences
and one’s history of parent-child interaction may influ-
ence resource allocation to child-related stimuli. Taken
together, both the N170 and the LPP are promising
candidates that may be affected by the VIPP-SD inter-
vention program.
Current study
The study protocol of the current study was registered
(Kolijn et al., 2017). Throughout this paper, we will refer
to the registered features and, where needed, provide
justification for deviating from the registration. In the
current randomized-controlled trial including pre- and
post-intervention measures, our registered primary aim
was to test whether the intervention affected parents’
N170 amplitudes in response to happy, angry and neu-
tral children’s faces. Compared to a control group, we
expected the intervention group to exhibit stronger
N170 amplitudes (i.e. more negative) in response to
children’s emotional facial expressions after the inter-
vention. Our unregistered secondary aim was to exam-
ine intervention effects on the LPP with the expectation
of stronger LPP amplitudes (i.e. more positive) in




The current study is part of the Leiden Consortium on
Individual Development project (L-CID), a longitudinal
intervention study in which families with same-sex
twins participate (Euser et al., 2016). Within the L-CID
study, 40% of the sample was randomly assigned to the
VIPP-SD and 60% to the control condition by using
a computer-generated blocked randomization
sequence with a ratio of 2:3 stratified on gender of
the parents. From the total L-CID sample, we randomly
selected intervention and control mothers with a ratio
of 1:1 for the current study (see Kolijn et al., 2017 for
details on the study design and randomization). A total
of 119 families were invited and 66 of them (55%) were
eligible and willing to participate (see Supplementary
materials Figure 1). Inclusion criteria for the current
study were absence of neurological or psychiatric dis-
eases and no use of psychoactive medication. In the
pre-test, 66 mothers (22 intervention and 44 control)
with a mean age of 37.95 years (SD = 4.31) participated.
Good quality ERP data were obtained from all partici-
pants at pre-test. Missing post-test data were imputed
with their pre-test data for participants who did not
participate in the post-test (n = 6) or provided an
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insufficient amount of artifact-free EEG data (n = 1). All
participants were mothers of typically developing
same-sex twins (Mage twins = 5.30, SD = 0.60, range:
4.54–7.17 years, 52% girls). The majority of them were
married (68%), highly educated (77%) and born in the
Netherlands (92%). Included families (n = 66) did not
differ (all ps ≥ .10) from families who did not meet the
inclusion criteria or declined to participate (n = 53)
regarding background variables (i.e. marital status, edu-
cation, family SES, twin gender and twin zygosity). The
two assessments of the current study were added to
the larger L-CID intervention study when the latter was
ongoing and running for 2 years. As the current study
includes a pre-intervention assessment, only families
who were not yet randomized to either the intervention
or control condition in the L-CID study were invited to
participate in the current study (n = 119) of which not
all families were willing and/or eligible (n = 53; see
Supplementary Figure 1). Therefore, our sample size
deviates from the 100 participants we aimed for as
registered in the study protocol.
Procedure
Participants were invited to the EEG lab at Leiden
University for two identical sessions of 1.5 h each
(Kolijn et al., 2017). The sessions were separated by
approximately 4 months (M = 4.28, SD =0.86, range:
2.99–6.67 months), and in between the two sessions
the families received either the VIPP-SD (Juffer et al.,
2008) or a control “dummy” intervention. During both
sessions, the participants completed a face-processing
paradigm and a stop signal task during which their EEG
was recorded. Additionally, an emotion recognition task
was completed (data will be reported elsewhere). Two
research assistants who were blind to the participants’
condition assignment collected the data. At the start of
the first session, participants signed informed consent.
After each session, participants received € 20 as
a financial reimbursement and their travel-expenses
were compensated. The study was approved by the
Institutional Review Board of Leiden University’s
Institute of Education and Child Studies and by the
Central Committee on Research Involving Human
Subjects in the Netherlands (CCMO; NL49069.000.14).
Intervention program
The Video-feedback Intervention to promote Positive
Parenting and Sensitive Discipline (VIPP-SD; Juffer
et al., 2008) is rooted in attachment theory and social
learning theory with the aim to enhance parental sen-
sitivity and sensitive discipline by training parents to
adequately perceive, interpret and respond to emo-
tional child cues. The VIPP-element targets enhancing
parental sensitivity, while the SD-element targets cop-
ing with challenging behavior by ignoring negative
child behavior and reinforcing positive child behavior.
Especially this latter component is particularly suited for
our sample of parents with young children (Juffer et al.,
2017). For the L-CID study, the VIPP-SD manual was
adapted for families with twins using age-appropriate
tasks and observations (see Euser et al., 2016 for
details). All interveners were extensively trained by cer-
tified VIPP-trainers in using the twin-adapted VIPP-SD
version 3.0 manual (Juffer, Bakermans-Kranenburg, &
Van IJzendoorn, 2015). To address the twin element,
all interveners received an additional training that
included practice visits in pilot families. The interven-
tion consists of one start-up home visit followed by five
biweekly home visits in which parent-child interactions
are filmed and videos of the preceding home visit are
reviewed. In between sessions, the intervener reviews
the video and prepares the feedback. Feedback is char-
acterized by providing positive feedback and emphasiz-
ing that the parent is the expert on his or her own child.
The number of VIPP-SD visits completed by the inter-
vention group was on average 5.63 (SD =0.96). The time
between the last VIPP-SD visit and the post-test was on
average 4.96 (SD = 5.34).
Control condition
Participants in the control condition were contacted 6
times by phone. During these phone calls, trained
research assistants asked about the general develop-
ment of the twins using semi-structured interviews fol-
lowing a standardized protocol. The number of phone
calls completed by the control group was on average
5.89 (SD = 0.32) and did not differ from the number of
VIPP-SD visits in the intervention group (t (20) = – 1.14,
p = .27). Furthermore, the time window between the
last phone call and the post-test was on average 3.75
weeks (SD = 2.20) and did not differ from the time
between the last VIPP-SD visit and post-test in the
intervention group (t (21) = 0.95, p = .35).
Experimental task
Stimuli
Stimuli were selected from the validated Child Affective
Facial Expression database (CAFE; LoBue, 2014) that
contains full-color photographs of young children
(face only) expressing a variety of emotional facial
expressions. The children in the CAFE set (age 2–8
years) are approximately the same age as the children
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of the participants in our study. Because the majority of
children in our sample were Caucasian we selected the
“White” subset of the CAFE set. We included one posi-
tive emotion (i.e. happy), one negative emotion (i.e.
angry) and one neutral facial expression to keep the
emotion categories balanced (i.e. one positive and one
negative). The choice to include angry as the negative
emotion was based on the content of the VIPP-SD in
which sensitive discipline, coping with difficult child
behavior such as angriness, is targeted. To avoid con-
founding emotion with child identity, we initially
selected only pictures of children for whom all three
facial expressions were reported as valid by LoBue and
Thrasher (2015), which was the case for pictures of 22
children (10 girls and 12 boys). We matched the
selected photographs on size and luminosity. To select
our final set of stimuli, a convenience sample of 16
faculty members of Leiden University (Mage = 29.06,
SD = 6.07, 88% female) rated emotion, quantified on
a 600-point visual analog scale (VAS) ranging from −300
= “angry” to 300 = “happy”, and gender (choice
between boy and girl) of these 66 stimuli (i.e. pictures
of 22 children’s neutral, happy, and angry facial expres-
sions). We selected the photographs of those 16 chil-
dren that were consistently rated as boys (n = 9) or girls
(n = 7) by all participants and for whom the angry
expression received an average rating smaller than or
equal to −100, the neutral expression received an aver-
age rating between −90 and 90, the happy expression
received an average rating equal to or larger than 100,
and the difference in intensity of the angry and happy
expressions (i.e., |Angry| – Happy) did not exceed 60
points.
Face processing paradigm
All pictures were presented three times in a quasi-
random order (with the restriction that the same emo-
tion could not occur more than four times in a row) on
a black background on a computer monitor in a dimly
lit, sound attenuated room. As a result, the face proces-
sing paradigm consisted of 144 trials (i.e. 16 children ×
3 facial expressions × 3 presentations). Trials started
with a white fixation cross on a black screen (duration
varied randomly between 800 and 1200 ms) after which
a picture (6.60×8.10° visual angle) was presented for
1000 ms. After every 24 trials, participants were offered
a 10-s break to rest their eyes. To maintain participants’
attention, participants were asked once during every
block of 24 trials (varying randomly between the 5th
and 24th trial) to indicate the gender of the child in the
picture by a button press. The majority (86%) of the
sample answered all gender questions correctly (the
remaining 14% answered one gender question
incorrectly), and accuracy did not differ between the
intervention (M = 5.86 correct answers, SD = 0.35) and
control group (M = 5.86 correct answers, SD = 0.35).
Participants were instructed not to move and to look
straight at the screen. The paradigm took about 8 min
to complete.
ERPs
While participants viewed the photographs, their EEG
was recorded using NetStation software and 129-
channel Hydrocel Geodesic Sensor Nets (Electrical
Geodesics, Inc.). The signal was amplified using
a NetAmps300 amplifier, low-pass filtered at 200 Hz,
and digitized at a rate of 500 Hz. Cz was used as the
reference during recording. Impedances were kept
below 50 kΩ. A 0.3 Hz high-pass filter (99.9% pass-
band gain, 0.1% stop-band gain, 1.5 Hz roll-off) was
applied before data were exported to be further pro-
cessed using Brain Vision Analyzer 2.0 software (Brain
Products GmbH). A 30 Hz low-pass filter (−3 dB, 48 dB/
octave) was applied, and data were rereferenced to the
average of activity in all 129 channels. Consecutively,
data were cut into 1200 ms segments extending from
200 ms before to 1000 ms after stimulus onset.
Segments were corrected for ocular artifacts using inde-
pendent component analysis (ICA). Segments contain-
ing residual ocular artifacts were removed if the
difference between the maximum and minimum activ-
ity in the left (el. 25 – el. 127) and right (el. 8 – el. 126)
eye channels were larger than 100 μV within any 200
ms window or if activity in the horizontal eye channel
(el. 125 – el. 128) was larger than 60 μV within any 200-
ms window. Individual channels were removed from
a segment when the difference between the minimum
and maximum activity was larger than 150 μV in that
particular channel during that particular segment.
Finally, an average ERP waveform was created for
every emotion (i.e. neutral, happy and angry).
A minimum of 10 artifact-free trials per emotion per
participant was required for inclusion in the analyses
(the minimum required to reliably calculate a N170, see,
e.g. Huffmeijer, Bakermans-Kranenburg, Alink, & Van
IJzendoorn, 2014). For the pre-test (n = 66), participants
contributed on average 45 (SD = 5.74, range: 23–48), 44
(SD = 5.86, range: 21–48) and 45 (SD = 5.39 range:
23–48) artifact-free trials in response to neutral, happy
and angry stimuli, respectively, without existing differ-
ences between the intervention and control group (all
ts ≤ 1.64, all ps ≥ .11). For the post-test (n = 60; five did
not participate in the post-test and one participants’
session was aborted), these numbers were 44 (SD =
7.52, range: 6–48), 44 (SD = 7.88, range 9–48) and 44
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(SD = 7.30, range 7–48) without differences between
the intervention and control group (all ts ≤ 1.46, all
ps ≥ .15). For the single participant who did not provide
sufficient artifact-free data at post-test, post-test ERP
amplitudes were imputed (as were missing data; see
below under “Analyses”).
As registered in the study protocol, our primary
focus was on the N170, which we quantified using
a mean amplitude measure (see below). During the
N170 analyses, the data suggested involvement of the
preceding peak, the P1, and we decided to additionally
calculated a peak-to-peak N170 measure in order to
control for possible confounding effects of the preced-
ing peak. We also decided to test for intervention
effects on the P1 to investigate potential involvement
of the P1 (reflecting early automatic visual processing;
Gomez Gonzalez, Clark, Fan, Luck, & Hillyard, 1994;
Luck, 2014). Thus, we quantified the N170 (mean ampli-
tude [as registered], and peak-to-peak amplitude [data
driven]), the P1 (data driven) and the LPP (theory
driven).
Time windows and electrodes for quantification of
ERP components were selected based on a-priori con-
siderations and inspection of grandaverage waveforms
(i.e. the ERP averaged across groups, conditions and
sessions). A recent study, run in the same laboratory,
using the same equipment and highly similar stimuli
and task design (Huffmeijer, Eilander, Mileva-Seitz, &
Rippe, 2018) quantified P1 amplitude as the average
voltage within the 96–124 ms time window across elec-
trode sites 70 (O1), 75 (Oz), and 83 (O2), and N170
amplitude as the average voltage within the 132–162
ms time window across electrode sites 58 (T5), 64, and
65 (left N170), and 90, 95 and 96 (T6; right N170). Our
data showed very similar scalp topographies (largest P1
amplitudes at electrode sites 70, 75 and 83 and largest
N170 amplitudes at electrode sites 58 [T5], 64, 65 [left]
and 90, 95 and 96 [T6; right]; see Figure 1), but compo-
nents peaked several milliseconds later. We thus quan-
tified P1 amplitude as the average voltage within the
98–126 ms time window across electrode sites 70, 75,
and 83, and the N170 as the average voltage within the
138–168 ms time window across electrode sites 58, 64,
and 65 (left N170), and 90, 95 and 96 (right N170).
To compute peak-to-peak measures of N170 ampli-
tude, the N170 peak and preceding positive peak were
detected automatically using BVA 2.0 as local minimum
within the 128–178 ms window and local maximum
within the 88–136 ms window, respectively, on chan-
nels 58, 64, and 65 (left), and 90, 95 and 96 (right). The
amplitude of the positive peak was subtracted from the
amplitude of the negative peak and the resulting values
were averaged across the three left and right channels,
resulting in peak-to-peak measures of left and right
N170 amplitude.
The LPP is a positive going modulation of ERP ampli-
tude, distributed over centro-parietal areas that starts at
about 400 ms after stimulus onset and lasts several
hundreds of milliseconds (Hajcak et al., 2009; Pastor
et al., 2008). After 400 ms, our grandaverage ERP clearly
showed the most positive amplitudes over centro-
parietal areas (see Figure 1), and we quantified the
LPP as the average voltage across electrode sites 59,
60, 61, 62 (Pz), 66, 67, 71, 72, 76, 77, 78, 84, 85, and 91 in
the 400–800 ms time window.
Brief symptom inventory
As an indication of self-reported psychopathological
symptoms, parents filled out the short form of the
Brief Symptom Inventory (BSI; Derogatis, 1993). We
included 21 items, answered on a 5-point Likert scale
ranging from 1 “not at all” to 5 “extremely” covering the
scales Depression (six items), Anxiety (six items),
Hostility (five items) and Interpersonal Sensitivity (four
items). A total score over the 21 items (Chronbach’s
ɑ = .89) was used as indicator of psychopathological
symptoms. BSI data were collected yearly and for the
current study, BSI data from the second year of the
study was included as that assessment was closest to
Figure 1. Scalp topography of the P1 (left), the N170 (middle) and the LPP (right).
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the EEG-measures. For participants with missing BSI
data in year two, we estimated their scores by using
the regression weights of their BSI total scores collected
in the first year (n = 9). After winsorizing (Tabachnick &
Fidell, 2013) one outlier (z = 4.81) BSI total score data
were normally distributed (|skewness and kurtosis| ≤ 1).
The control group (M = 27.58, SD = 5.34, range:
21–41.25) scored somewhat higher on BSI than the
intervention group (M = 24.46, SD = 4.29, range:
21–35; t (64) = – 2.38, p = .02; see Table 1). Therefore,
BSI total score was included as covariate in our
analyses.
Analyses
Post-test data of seven participants were missing (three
in the intervention group [two missed the post-test and
one did not feel well and the session was aborted] and
four in the control group [three missed the post-test
and one did not meet the requirement of 10 artifact-
free trails]). Following the Intent To Treat (ITT)
approach, we carried the last observation forward (i.e.
pre-test data) for these seven participants. Furthermore,
one participant reported use of psychoactive medica-
tion after finishing data collection, but following the ITT
approach, she was included in the analyses.
Effects on the N170 were assessed using repeated
measures analyses of covariance (RM-ANCOVA) with
N170 amplitude as dependent variable. The within-
subject factors were time (two levels: pre- and post-
test), emotion (three levels: neutral, happy and angry),
and laterality (two levels: left and right), the between-
subjects factor was experimental condition (i.e. inter-
vention or control group) and the BSI total score was
included as covariate. Effects on the P1 and LPP were
analyzed using two RM-ANCOVAs, one with P1 ampli-
tude and one with LPP amplitude as dependent vari-
able. The within subject factors were time (two levels:
pre-test and post-test) and emotion (three levels: neu-
tral, happy and angry), the between-subjects factor was
experimental condition (i.e. intervention or control
group) and the BSI total score was included as covari-
ate. In cases of sphericity violations (Mauchly’s test),
Greenhouse-Geisser correction was used.
In addition, we conducted several sensitivity ana-
lyses, performing the same analyses described above
(1) without the participant who used psychoactive
mediation (n = 65), (2) using complete cases only with
(n = 59) and without (n = 58) the participant using
psychoactive medication, and (3) after imputing the
missing post-test data with the average of the specific
(intervention or control) condition the participant was
in, again with (n = 66) and without (n = 65) the parti-
cipant using psychoactive medication. The outcomes of
these analyses are presented in the Supplementary
Materials. In general, results of the sensitivity analyses
were comparable to the main results presented below.
Results
N170 amplitudes
After winsorizing two outliers (z = 3.75 for post-test
left happy, z = – 3.63 for post-test left angry) the data
were normally distributed (|skewness| < 1, |kutosis| < 2).
Means and standard deviations are summarized in
Table 2. Disconfirming our registered hypothesis
about stronger amplitudes for emotional faces over
neutral faces in the intervention group at post-test,
a RM-ANCOVA did not show a significant three-way
interaction between time, condition, and emotion F
(2, 62) 0.11, p = .90, ηp2 = .00. However, there was
a significant Time*Condition interaction, F(1, 63) =
4.39, p = .04, ηp
2 = .07. N170 amplitude is smaller
(less negative) at post-test then pre-test in the inter-
vention group (Figure 2). No other main or interaction
effects were present (all Fs ≤ 1.83, all ps ≥ .13 and
ηp2 ≤ .03). Inspection of the N170 waveform (Figure 2)
suggested the P1 may play a role in eliciting this
effect, as the positive peak preceding the N170
appears larger in the intervention group, especially at
Table 1. Sample characteristics of and group differences between intervention and control groups.
Total N = 66 Intervention N = 22 Control N = 44 Group differences
M (SD) M (SD) M (SD) t (df)
Age mother 37.95 (4.31) 37.64 (4.23) 38.10 (4.38) −.41 (64)
Age twins 5.30 (0.60) 5.23 (0.65) 5.33 (0.58) −.63 (64)
LCM – T2 4.13 (3.51) 4.96 (5.35) 3.75 (2.20) 0.95 (21)
BSI total score 26.54 (5.20) 24.46 (4.29) 27.58 (5.34) −2.38 (64)*
% % % χ2 (df)
High SES 56 59 55 0.20 (2)
Single parent 5 5 5 1.60 (3)
Twin girls 52 50 52 0.03 (1)
MZ twins 58 68 52 1.52 (1)
Note: LCM = last contact moment. T2 = post-test. * p = <.05.
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post-test. To control for confounding effects and
explore potential involvement of the P1, we
conducted exploratory analyses of peak-to-peak N170
amplitude and P1 amplitude.
Table 2. Means and standard deviations of mean amplitude and peak-to-peak amplitude measures of the N170.
N170 peak-to-peak N170
Total N = 66 Intervention N = 22 Control N = 44 Total N = 66 Intervention N = 22 Control N = 44
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Pre-test
Neutral
Left −0.36 (2.59) −0.70 (2.76) −0.19 (2.52) −5.07 (2.62) −5.77 (2.75) −4.72 (2.51)
Right −0.02 (3.02) 0.57 (3.06) −0.31(3.00) −5.95 (3.05) −6.32 (2.80) −5.76 (3.18)
Happy
Left −0.44 (2.53) −0.52 (2.58) −0.40 (2.52) −5.37 (2.84) −6.38 (2.99) −4.87 (2.66)
Right −0.31 (2.98) 0.29 (2.82) −0.61(3.05) −6.32 (3.24) −6.92 (2.99) −6.02 (3.35)
Angry
Left −0.64 (2.77) −1.12 (2.98) −0.40 (2.66) −5.12 (2.47) −5.56 (2.36) −4.90 (2.52)
Right −0.50 (2.98) 0.08 (3.10) −0.79 (2.91) −6.25 (3.06) −6.63 (2.69) −6.06 (3.24)
Post-test
Neutral
Left −0.08 (2.72) 0.05 (3.54) −0.14 (2.24) −5.09 (2.29) −5.74 (2.45) −4.76 (2.16)
Right 0.08 (2.84) 0.89 (2.93) −0.33 (2.73) −5.95 (3.14) −6.40 (3.08) −5.72 (3.19)
Happy
Left −0.53 (2.60) −0.56 (3.01) −0.52 (2.34) −5.42 (2.47) −5.95 (2.39) −5.16 (2.50)
Right −0.42 (3.20) 0.50 (3.17) −0.88 (3.16) −6.52 (3.57) −6.75 (3.77) −6.41 (3.50)
Angry
Left −0.56 (2.71) −0.38 (3.24) −0.66 (2.43) −5.10 (2.41) −5.51 (2.66) −4.89 (2.27)
Right −0.25 (3.16) 0.70 (3.61) −0.72 (2.83) −6.48 (3.61) −6.72 (3.47) −6.37 (3.71)
Figure 2. Grandaverage ERPs, averaged across electrodes 58, 64, 65 (left) and 90, 95, 96 (right) illustrating the time by condition
interaction on N170 amplitude. A and B: Grandaverage ERPs illustrating the decrease in N170 amplitude at post-test at left (a) and
right (b) electrode sites. C and D: Grandaverage ERPs illustrating the N170 at pre- and post-test in the control group at left (c) and
right (d) electrode sites. For displaying purposes the ERPs from which N170 amplitudes identified as outliers were obtained, were
“winsorized” by applying a multiplication factor (MF) obtained from the winsorizing procedure of N170 amplitude to the ERP
waveform in order to accurately illustrate the data that was analyzed. For example: if an original score of −4 became −2 after
winsorizing, the corresponding ERP was multiplied with a MF of −2/-4 = 0.5. For the seven participants without post-test data, we
carried the last observation forward by including their pre-test ERPs in the grandaverage.
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Peak-to-peak N170 amplitudes
After winsorizing three outliers (z = – 3.35 for post-test left
neutral, z = – 3.73 for post-test left happy, z = – 4.39 for
post-test left angry) the data were normally distributed (|
skewness| < 1, |kurtosis| <2). Means and standard devia-
tions are summarized in Table 2. Peak-to-peak N170
amplitudes were uncorrelated to the number of artifact-
free trials included in participants’ ERPs (all rs ≤ .23, ps ≥ .06
). A RM-ANCOVA with peak-to-peak N170 amplitude as
dependent variable, experimental condition (i.e. interven-
tion or control group) as between-subjects factor and
time (two levels: pre- and post-test), emotion (three levels:
neutral, happy and angry), and laterality (two levels: left
and right) as the within-subject factors did not yield
a significant Time*Condition interaction F (1,63) = 1.08,
p = .30, ηp2 = .02. No other significant main or interaction
effects were present either (all Fs ≤ 1.79, all ps ≥ .18 and
ηp2 ≤ .03).
P1 amplitudes
P1 amplitudes were normally distributed (|skewness| <
1, |kurtosis| <1) and no outliers were present (no
z-scores > 3.29 or < – 3.29). Means and standard devia-
tions are summarized in Table 3. The RM-ANCOVA did
not reveal a significant Time*Condition interaction,
F(1, 63) = 1.69, p = .20, ηp2 = .03 (Figure 3). There was
a main effect of condition with stronger P1 amplitudes
in the intervention group F(1, 63) = 13.86, p = < .01,
ηp2 = .18. Furthermore, a main effect of BSI total score
was present F(1, 63) = 14.44, p = < .01, ηp2 = .19. BSI
and P1 amplitude were positively related (r =.31,
p = .01). There were no other main or interaction effects
present (all Fs ≤ 1.71, all ps ≥ .20 and ηp
2 ≤ .03).
LPP amplitudes
After winsorizing three outliers (z = 3.40 for pre-test
happy, z = – 3.37 for post-test neutral, z = – 5.29 for
post-test angry) the data were normally distributed (|
skewness| <1, |kurtosis| < 1). Means and standard devia-
tions are summarized in Table 3. The RM-ANCOVA did
not show a significant three-way interaction between
time, condition and emotion F(2, 62) 0.14, p = .87,
ηp2 = .00. There was a significant main effect of emo-
tion category F (1, 63) = 4.39, p = .01, ηp2 = .07. Post-
hoc comparisons with LSD correction showed that LPP
amplitudes were more positive for neutral compared to
happy faces (p = .04) and more positive for angry
compared to happy faces (p = .04; Figure 4). No other
Table 3. Means and standard deviations P1 and LPP amplitude.
P1 LPP
Total N = 66 Intervention N = 22 Control N = 44 Total N = 66 Intervention N = 22 Control N = 44
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Pre-test
NeutraL 4.02 (2.60) 4.71 (1.92) 3.67 (2.84) 2.11 (1.27) 2.53 (1.15) 1.91 (1.29)
Happy 3.86 (2.60) 4.67 (2.15) 3.45 (2.72) 1.94 (1.37) 2.29 (1.16) 1.82 (1.54)
Angry 3.80 (2.46) 4.70 (1.75) 3.35 (2.65) 2.28 (1.30) 2.52 (1.07) 2.17 (1.40)
Post-test
Neutral 4.15 (2.40) 5.34 (2.02) 3.55 (2.38) 2.26 (1.44) 2.81 (1.49) 1.97 (1.35)
Happy 4.04 (2.51) 5.19 (2.24) 3.46 (2.46) 2.07 (1.52) 2.44 (1.33) 1.89 (1.59)
Angry 4.10 (2.46) 5.24 (2.25) 3.53 (2.38) 2.23 (1.47) 2.55 (1.35) 2.07 (1.51)
Figure 3. Grandaverage ERP averaged across electrodes, 70, 75 and 83 illustrating the P1 at pre- and post-intervention measures in
the intervention and control groups. Statistical analyses did not reveal a significant interaction between time and condition, but
a main effect of condition with larger P1 amplitudes in the intervention group. For the seven participants without post-test data, we
carried the last observation forward.
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significant effects or interactions were present (all
Fs ≤ 3.72, all ps > .05 and ηp
2 ≤ .05).
Discussion
Our study is the first to investigate intervention effects
on mothers’ neurocognitive processes using both pre-
and post-intervention measures. Our aim was to exam-
ine effects of the VIPP-SD parenting intervention on
mothers’ neural processing of children’s facial expres-
sions. The intervention trains parents in accurately per-
ceiving, interpreting and responding to signals of their
children on a behavioral level (Juffer et al., 2008, 2017),
and the resulting changes in behavior may well result
from more extensive or more efficient information pro-
cessing. We expected the intervention to enhance the
neural processing of emotional faces and consequently
increase N170 amplitudes. However, we found the
opposite as N170 amplitudes decreased after the inter-
vention. Although more extensive information proces-
sing has robustly been found to be associated with
increased N170 amplitudes (Fox, Hane, & Pérez-Edgar,
2006; Rugg & Coles, 1995), there is evidence that sug-
gests that more efficient, less effortful processing
decreases N170 amplitudes. For instance, increasing
the effort required to process facial stimuli in order to
perform a behavioral task (e.g., by contrast reversal or
face inversion), resulted in larger N170 amplitudes in
several studies (e.g., Caharel et al., 2011; Eimer, 2000;
Itier & Taylor, 2002). Conversely, reductions in the
neural effort required to processes information due to,
e.g., practice have been interpreted as reflecting
enhanced neural efficiency (Andreasen et al., 1995;
Babiloni et al., 2010; Neubauer & Fink, 2009). Thus,
rather than intensify neural face processing, the inter-
vention may have resulted in more efficient information
processing and a reduction in the effort required to
process children’s faces, regardless of emotional expres-
sion. This explanation would be consistent with
a reduction in N170 amplitudes we observed after the
VIPP-SD.
However, visual inspection of the ERP waveforms
suggested that neural activity preceding the N170
might be involved in eliciting the N170 effect, which
prompted us to perform analyses of peak-to-peak N170
amplitude and explore potential intervention effects on
the P1. In the analysis of peak-to-peak N170 amplitude,
the time by condition effect was no longer significant,
suggesting that preceding activity may indeed explain
part of the N170 effect. It should be noted, though, that
computing difference scores (as is done for peak-to-
peak measures) increases the error component in
a variable and thus reduces the chance of finding
a true effect (Johns, 1981; Wall & Payne, 1973).
Analysis of P1 amplitude did not reveal an interaction
between time and condition, although the group
averages were in the expected direction (i.e. averages
in the control group remained more or less the same
Figure 4. Grandaverage ERPs averaged across both pre- and post-test measures, across all participants, and across electrodes 59, 60,
61, 62, 66, 67, 71, 72, 76, 77, 78, 84, 85, and 91, illustrating the main effect of emotion category on LPP amplitude, with stronger
amplitudes for angry and neutral compared to happy expressions across conditions and time. For displaying purposes the ERPs from
which LPP amplitudes identified as outliers were obtained, were “winsorized” by applying a multiplication factor (MF) obtained from
the winsorizing procedure of LPP amplitude to the ERP waveform. For the seven participants without post-test data, we carried the
last observation forward.
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over time whereas amplitudes in the intervention
group seemed to increase). Thus, it remains unclear to
what extent modulation of early visual processing, e.g.
due to enhanced early attention, as reflected in P1
amplitude played a role in bringing about the interven-
tion effect on the N170. Disentangling effects of the
VIPP-SD, as well as other interventions, on early, auto-
matic visual processing and face specific neural proces-
sing therefore constitutes an important challenge for
future research.
The analysis of P1 amplitude did reveal a main effect
of condition, with stronger P1 amplitudes in the inter-
vention group. Furthermore, a main effect of BSI score
on P1 amplitude was found with higher BSI scores
relating to increased P1 amplitudes. The latter finding
is consistent with studies reporting attentional biases in
people with depression and anxiety symptoms toward
enhanced attention to and saliency of socially and
emotionally relevant stimuli such as emotional faces
(Dai, Wei, Shu, & Feng, 2016; Harrewijn, Schmidt,
Westenberg, Tang, & Van, der Molen, 2017). These find-
ings highlight the importance of attending to potential
pre-existing differences and confounding factors by
including pre-intervention measures and important
covariates in statistical analyses.
Besides relatively early and automatic (face) proces-
sing, we also investigated later, more controlled allo-
cation of attention as reflected in the LPP. As the LPP
is often found to be stronger for emotional compared
to neutral stimuli (Foti & Hajcak, 2008; Hajcak et al.,
2009; Hajcak & Nieuwenhuis, 2006; Pastor et al., 2008),
we expected enhanced LPP amplitudes in response to
emotional faces particularly after the VIPP-SD interven-
tion, as the intervention focuses on the perception
and evaluation of children’s emotional signals.
Contrary to our expectations, we did not find an inter-
vention effect on LPP amplitudes. Because the stimuli
in our paradigm depicted full-blown expressions, prob-
ably requiring little conscious or controlled attention
for processing, effects of enhanced controlled resource
allocation may have remained invisible. We did find
a main effect of emotion category with angry and
neutral faces eliciting stronger amplitudes than
happy faces across both groups. Preferential allocation
of attentional resources to negative over positive
affective stimuli has often been observed, especially
when stimuli are characterized by high arousal and
personal relevance (Huffmeijer, Tops, Alink, Bakermans-
Kranenburg, & Van IJzendoorn, 2011; Minnix et al.,
2013; Schupp et al., 2000; Thom et al., 2014).
Children’s angry expressions are obviously highly rele-
vant for parents, especially for parents of young chil-
dren, whose behavior can be challenging and who
may be prone to temper tantrums. The angry faces
in the current study may therefore have received more
attention, as reflected by larger LPP amplitudes, than
happy faces. That LPP amplitudes were also stronger
for neutral than for happy faces may be explained by
the human tendency to perceive neutral faces as emo-
tionally ambiguous and to evaluate neutral faces with
a negative bias (e.g., Marusak, Zundel, Brown, Rabinak,
& Thomason, 2016), requiring more attention alloca-
tion to be processed.
The current study was based on Bernard et al. (2015)
work, which led to our hypothesis regarding stronger
N170 amplitudes in response to emotional faces over
neutral faces after the VIPP-SD intervention. Whereas
Bernard et al. (2015) obtained evidence for enhanced
N170 amplitudes following a parenting intervention, we
found the opposite. There are several differences
between the studies that may explain the contrasting
results. First, the study designs differ with respect to
pre-intervention measures of neural activity, that were
unavailable in the Bernard et al. (2015) study, limiting
their conclusions about causal changes and directions
of effects of the intervention on the N170. Second, the
samples and interventions were different. The study by
Bernard et al. (2015) included a sample of CPS-referred
mothers and the intervention was designed for mothers
who are at risk for neglecting their offspring. The cur-
rent study, in contrast, included a sample of typical
mothers and an intervention focused on typical parents
rather than a specific clinical group. CPS-referred
mothers and mothers experiencing difficulties parent-
ing their children, are known to differ from typical
mothers in their neural and physiological responses to
children’s emotional displays (e.g., León et al., 2014;
Maupin et al., 2015; Reijman et al., 2014; Rodrigo
et al., 2011; Wright, Laurent, & Ablow, 2017). An attach-
ment-based intervention may therefore have differen-
tial effects depending on the population that is
examined. In addition, where Bernard et al. (2015)
examined mothers of singletons, the current study
included mothers of twins who parent two same-aged
children at a time which may have contributed to dif-
ferences between the findings. Finally, the paradigms
used to elicit neural responses differ between the stu-
dies. Bernard et al. (2015) required participants to cate-
gorize every emotional expression, whereas participants
in the current study passively viewed the pictures and
categorized gender only once every 24 trials. As ERP
effects may be affected by task demands (see, e.g.
Huffmeijer et al., 2018 for a discussion on N170;
Goffaux, Jemel, Jacques, Rossion, & Schyns, 2003), the
difference in paradigms may have contributed to the
contrasting findings.
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The current study design has several advantages
over previous work in this area, most prominently
the inclusion of both pre- and post-intervention
assessment in a randomized-controlled design allow-
ing us to draw causal conclusions and elucidate the
directions of effects. Moreover, the study protocol was
preregistered (Kolijn et al., 2017). Over the last years,
awareness of the advantages of preregistration has
increased dramatically among social scientists, and an
increasing number of journals offer the option to sub-
mit a study protocol. Also, tools have become avail-
able that inform researchers about the best practices
and support the preregistration process. We believe
that such developments will continue to contribute
to a transparent way of practicing science. Although
our protocol could have been more specific in many
respects, we are confident that the critical review of
the study design in advance of performing the study
benefited the clarity and transparency throughout the
current project.
However, some limitations of the current study
should also be mentioned. Despite careful planning,
the final sample was smaller than we aimed for. In
addition, the distribution of participants across the
intervention and control group was skewed, with 44
participants in the control group and 22 in the inter-
vention group. This limits statistical power, although
not to an unacceptable level which is also due to the
within-subject design (Thompson & Campbell, 2004;
Van IJzendoorn & Bakermans-Kranenburg, 2016). Still,
we recommend future studies to incorporate larger
samples sizes existing of both mothers and fathers.
Most knowledge about parenting is generated by stu-
dies that included mothers only. Although mothers are
still considered to be the primary caregiver, fathers’
involvement in parenting has become a topic in
research (Parke, 2000) and proven to be important for
child development (Brown, Mangelsdorf, Shigeto, &
Wong, 2018; Jeynes, 2015). In addition, studies investi-
gating parents’ neural responses and preferential atten-
tion to non-adult faces show sex differences (Proverbio
et al., 2011; Proverbio, 2017), pointing to differences
between men and women in processing child signals
that may differentially impact their parenting behavior.
Furthermore, like many others, the current study is
focused on the neural processing of facial expressions,
but young children express and communicate their
affective states through more extended channels,
including verbally trough prosody and language con-
tent. Therefore, future research could incorporate both
facial and verbal stimuli to examine parents’ neural
activity in response to young children’s emotional
displays.
Finally, the next step in investigating the neurocog-
nitive mechanisms through which the behavioral
effects of parenting interventions are brought about is
to investigate whether changes in neural indices of
information processing, such as the decreased N170
amplitudes reported here, that result from the VIPP-SD
statistically mediate (and thus explain) changes in
observed parental behavior. Knowledge of the neuro-
cognitive factors that contribute to parenting behavior
will add to the understanding of its complexity.
Moreover, unraveling the neurocognitive mechanisms
responsible for beneficial changes in parenting beha-
vior will help to improve interventions by specifically
targeting those processes that contribute to change.
Future studies could incorporate different brain ima-
ging modalities (i.e. fMRI) and investigate crucial par-
ent-related behaviors such as parenting stress and
parenting self-evaluation as reported in two recent
exploratory studies (Swain et al., 2017; Giuliani,
Beauchamp, Noll & Fisher, 2019). Ultimately, such
efforts will bring us closer to optimal support for par-
ents and promote healthy development for all children.
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